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It has been shown in several instances that the antibody response
to antigens ofcertain types may begreatly modified bythe incorpora-
tion of staphylococcus toxin in the immunizing material. Under
such conditions of combined immunization the antibodies produced
to the major antigen are increased in amount and, in some cases at
least, they seem to exhibit qualitative properties not usually encoun-
tered in the antibodies consequent to straight immunization with the
specific antigen. In just what manner the toxin exerts this effect is
not known, nor has it been determined which fraction or fractions
of the crude toxin function as the enhancing agents.
Incidental to studies in which this problem is concerned certain
observations have been made with reference to the production, the
behavior, and the qualities of staphylococcus toxin. This note per-
tains to this subject.
Several methods have been described as suited to the production
of potent staphylococcus toxin, and their use has disclosed many
facts relative to the conditions requisite for such production. Fur-
thermore, by these varied methods it has been shown that the crude
toxin so derived may, perhaps, be a mixture of several diverse toxic
components, but as yet no convincing evidence has been presented to
establish either the individuality of the various toxic fractions or
their essential identity. Seemingly, there is but one point upon
which all authors agree; that different staphylococcus strains vary
not only in the quantity of toxin produced but also in the qualities
of the toxins elaborated. However, these points are not primarily
an issue in the present discussion, for in the studies here reported but
a single staphylococcus strain-the so-called Wood 46 culture-has
been used.
Staphylococcus Wood 46 is known to be highly active in yielding
a potent a-hemolysin as well as the so-called dermonecrotic and
lethal toxins. That it fails to develop either the O or y lysins has
been asserted,-a statement that is certainly not true in all cases in
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so far as the sheep cell lysin is concerned. If one might hazard a
guess, it probably would be most nearly correct to accept the con-
clusion of Bigger' that Wood 46 is not a homogeneous strain and
may or may not yield ,-lysin. Certainly the strain, as cultivated in
this laboratory, may produce lysin for sheep cells. But again, this
is not the chief point to be dealt with here.
The methods for producing toxin by the use of semi-solid media
under varied conditions were abandoned in this work in favor of the
extremely simple procedure described by Casman,2 whereby a toxin
of sufficient potency can be produced readily in a liquid medium by
adopting the simple expedient of cultivating the organisms under
conditions of aeration effected by rocking the culture mechanically
throughout the period of growth. This technic may not yield a
toxin of maximum titer, but it offers advantages for certain types
of study, since it readily permits removal of portions of the material
at frequent intervals for Chamberland filtration and subsequent titra-
tion. The method also gives toxic filtrates of reasonable titer, and
associated with the exceedingly heavy growth there is a rapid and
marked development of the a-lysin. Titration of the successive
samples removed for testing from one such culture gave values* for
the a-lysin of the order indicated below.
TABLE 1
DURATION OF INCUBATION AT 38'PRIOR TO REMOVAL OF THE SAMPLES FOR
TESTING; TITRATION VALUES
Time itt hours
2 4 6 8 12 20 24 28 36 48 60 72 84 96 120
0 0 0 354 46,838 48,898 47,813 34,650 32,899 34,350 26,657 24,896 21,742 20,599 14,026
The general character of this curve of oc-lysin production is
wholly typical, and is here offered merely to show that very con-
siderable amounts of quickly acting lysin develop under these con-
ditions of growth. That the lysin can act promptly on rabbit red
blood cells is indicated by a record of one of the titrations listed
above (the 12-hr. sample) with readings taken at the time intervals
indicated (Table 2).
* The figures given represent but a crude expression of the total hemolysis
observed in the serial dilutions of each sample, read progressively over a period of
60 minutes with the bottom third of the tubes immersed in a water-bath at 42° C.
The figures represent neither quantities of lysin nor units; they are for comparative
purposes only.
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The most striking feature of the development of the a-lysin
under these conditions of growth of the culture is the abruptness
with which this lysin makes its appearance in appreciable amounts.
During the short interval between 8 and 12 hours of incubation a
TABLE 2
Filtrate dilution.s
Time
'mtn~s. 1:10 1:20 1:40 1:80 1:160 1:320 1:640 1:1280 1:2560
2 ++++ ++++ ++++ ++++ - _ _ _ _
3 ++++ ++++ ++++ ++++ +++ + - _ _
4 ++++ ++++ ++++ ++++ +++ ++ + _ _
5 ++++ ++++ ++++ ++++ +++ ++ + _ _
6 ++++ ++++ ++++ ++++ +++ +++ ++ _ _
7 ++++ ++++ ++++ ++++ ++++ +++ ++ - _
8 ++++ ++++ ++++ ++++ ++++ +++ ++ _ _
10 ++++ ++++ ++++ ++++ ++++ ++++ +++ - _
12 ++++ ++++ ++++ ++++ ++++ ++++ +++
15 ++++ ++++ ++++ ++++ ++++ ++++ +++ + -
20 ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++ -
25 ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++ -
30 ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++ -
45 ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++ -
60 ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++ -
Degree of hemolysis indicated by plus signs; ++++=complete hemolysis.
concentration is reached that approaches the maximum. Then fol-
lows aperiod throughout which the level changes but little, and then
ensues a period of decline. Similar titrations carried out on ten
different lots of toxin show a similar curve for a-lysin development,
although it is certain that the precise periods at which a maximum
level is reached and at which a reduction in titer begins will vary
with the conditions of growth. (In this particular lot an unbuffered
infusion broth was used.) But although growth conditions modify
the rate of production somewhat, the sudden development of lysin
at 12 or 18 hours is characteristic, and since subsequent increments
may be very slight it would appear that the a-lysin is a product of
the initial stages of activity in the rapidly multiplying organisms.
During this period over which the rabbit-cell lysins are being
produced ,-lysins are also being elaborated, as are the fractions of
the toxin which are lethal on intraperitoneal injection into mice and
the constituents of the crude toxin which give flocculation reactions
with antisera. The relationship of the cc-lysins to the ~3-lysins withYALE JOURNAL OF BIOLOGY AND MEDICINE
respect to their time and rate of development will be considered
elsewhere, as will also problems dealing with the thermostability of
the lysins. Here, also, will begiven but a little evidence of the pres-
ence of the lethal component in the same filtrates mentioned in
Table 1.
TABLE 3
LETHAL ACTION OF FILTRATES PREPARED AFTER DIFFERENT PERIODS OF INCUBATION
Incubation
period (hrs.) Dose injected
prior to A.
filtration 0.2 cc. 0.1 cc. 0.05 cc. 0.025 cc. 0.0125 cc.
2 Lived Lived Lived
4 Lived Lived Lived
6 Lived Lived Lived
8 Lived Lived Lived Lived Lived
12 D 4¼2 D 3 D 4 D 52 Lived
20 D 2 D2 D 4 D 5¼2 Lived
24 D2 D2 D4 D8Y Lived
28 D2 D2 D4Y2 D 5 Lived
36 D2 D3 D 5 Lived Lived
48 D2 D2 D4 D 11Y2 Lived
60 D 2 D 3 Lived D 11/2 Lived
72 D2 D 5 D 5 Lived Lived
84 D3V2 D 9Y2 D9¼2 Lived Lived
96 D 3/2 D 9Y2 D 9/2 Lived Lived
While this toxin is not a particularly potent one, it serves, never-
theless, to suggest that the fraction responsible for the lethal effect
develops rather early in the growth process,-at that time when
a-hemolysin becomes evident,-and that as time goes on the lethal
fraction becomes somewhat weakened. (The question of the identity
of a-lysin and lethal toxin need not be argued; nothing herein pre-
sented would prove either identity or individuality.)
Flocculation reactions which may take place when toxic filtrates
are combined with antisera are of particular interest, and it is with
reference to these that this note is primarily directed, more especially
to the importance of giving due regard to the time element in the
progress of flocculation. Apparently a flocculation system based
upon antisera and staphylococcus filtrates offers a particularly
good example of what may be revealed by such a technic. It is not
intended to bring into question the validity of the end-point titration
594STAPHYLOCOCCUS TOXIN
method and its usefulness in serological work, for completed sero-
logical reactions may well have for many purposes a greater value
than have any other procedures which measure the qualities and
quantities of antibodies. Nevertheless, it is certain that a technic
which will disclose the progress of the interactions between anti-
gens-especially if the antigens are of the complex nature usually
employed-and antisera may disclose facts that remain wholly
obscured in classic methods of titration. In other words, velocity of
reaction may have meaning as well as may the extent of the reaction.
The flocculation reactions with staphylococcus toxins and antisera
show this very clearly.
Several workers who have studied flocculation with staphylococ-
cus toxin and antitoxin have noted that "zone phenomena" may
occur, but no serious consideration seems to have been given to reac-
tions of this type, the matter usually having been dismissed as some
confusingphenomenon due to a defective technic or to an improperly
produced toxin or antitoxin.
It is the intent of this report to show that such reactions are not
necessarily "accidents," but rather that they may be significant reac-
tions, reactions which may very well prove to be of service in disclos-
ing homogeneity in serological systems.
With the first flocculation titrations of this series of experiments
it became apparent that when the tests were carried out in accord with
the general procedure in working by the optimal proportions technic,
with frequent readings made during the course of the incubation
period, zone reactions frequently became manifest. The tube
arrangement was such that continuous observation was possible, only
the bottom third of the tubes being immersed in the water-bath at
420 C. With serial dilutions of the antigen admixed with a constant
quantity of serum, flocculation began quite uniformly at two distinct
points in the series. As the reaction progressed with the passage of
time, flocculation became more intense in these initial tubes, and fre-
quently extended to the two tubes on either side of each of the tubes
exhibiting the first traces of flocculation. With continued incubation
it was not unusual for the two zones to overlap or merge, so that
ultimately an end-point titration was the characteristic feature of the
test, precisely the type of reaction one would obtain had the tubes
been incubated for a prolonged period and then given a final reading
to determine the amount of antigen or the titer of the serum. A
typical titration will illustrate the point at issue (Table 4).
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It should be pointed out that, although the table below is wholly
typical of the reactions obtained, the exact pattern of the flocculation
will vary with the toxin used, with the antiserum, the temperature,
and perhaps with other factors. Nevertheless, with mixtures prop-
erly adjusted in the quantities employed, reactions of this general
TABLE 4
Toxin No. 6: Sample C (incubation period 36 hrs.)
Toxin 1 cc. of dilutions indicated
Serum 1 cc. 1: 10 dilution
Incubation temp. 420 C.
Toxin dilutions
Reading
after 1:1
30' _
45' -
60' -
65' _
75' _
90' -
100' _
110' -
120'
135' _
150'
160' +
170 +
180' +
195' ++
210' +++
225' ++++
240' ++++
260' ++++
290' ++++
360' ++++
over-night
inice-box ++++
1:2 1:4 1:8 1:16 1:32 1:64 1:128
- ~~ ~~~~~+ -
_ _ _ i + _
_ _ _ +_
_ _ _ + _ _1 _ _ + ++ _
+ _ + ++ _
++ _ _ ++ ++ +_
++++ + - ++ +++ +_
+++ + + +++ ++++ + _
++++ + *++++++++ +
++++ ++ ++++ ++++ ++
++++ ++ .1 ++++ ++++ ++
++++ ++ + ++++ ++++ +++
++++ +++ ++ ++++ ++++ +++ *
++++ +++ ++ ++++ ++++ +++
++++ +++ ++ ++++ ++++ +++ +
++++ +++ +++ ++++ ++++ +++ +
++++ ++++ +++ ++++ ++++ ++++ +
++++ ++++ ++++ ++++ ++++++++ +++
1:256
character are manifest, with two quite distinct zones of flocculation
during the earlier stages of the process.
It is perhaps difficult to assume that with a given antigen-anti-
body system there should be two separate zones where optimal pro-
portions obtain; it would seem more simple to conclude that such
reactions are merely an expression of two superimposed systems,
each with its optimal zone. Should this be the case, such a test might
596STAPHYLOCOCCUS TOXIN
well argue for heterogeneity rather than homogeneity in the antigen
used. In theory, in the present instance it might be inferredthat the
zone to the right indicated flocculation of one of the supposedly
distinct staphylococcus toxins-the hemotoxin, for example,--while
the left-hand zone represented flocculation of another of the
toxins,-the lethal or the dermonecrotic, perhaps. No direct evi-
dence is offered here to sup- TOXIN DILUTIONS
port such an inference. It ,1: 1:2 2 I14 1: 1:10 1:32 1:o5411:12I 12S0I3:S12 may be said, however, that
in heat inactivation it is the FLOCCULA ION
agent responsible for the
right-hand zone of floccula-
tion that is more effectively
impaired. It also appears
that complete flocculation in
the right-hand zone de- I_
pletes or removes entirely
the a-hemolysin. If, when
flocculation is complete
throughout the series of J _
tubes, the supernatant fluids l -
after centrifugation areused
in a test of hemolytic action
these supernatant fluids are um
inactive upon rabbit cells,
even though the dilution is
well within the range of the VAHOC
unflocculated toxin. Onthe the 1111LA11 N
other hand, complete floc- * AFT(F14FL@CcU"ATIOI
culation in the left-hand
zonereduces the hemolytic action but slightly. There is no evidence
that the presence of serum as such modified the hemolysis. These
observations offer indirect evidence that the two flocculation zones
are due to distinct antigens, and that possibly the flocculation zone in
higher toxin dilutions is due to the ca-lysin.
As an example of the relationship between the flocculating zones
and the residual hemolysin, the results with filtrate of Toxin No. 7,
sample F, may be cited. It will be seen in the graphic represen-
tation of these results that there were two distinct, and equal, zones
of flocculation, the first at 1 :2 dilution of toxin, a second at the 1 :32
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dilution. After an incubation of 360 min., flocculation throughout
the first 7 tubes of the series appeared to be complete; an end-point
readingwould have given the following:
Tubes, dilution, and result
1 2 3 4 5 6 7 8 9 10
1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512
++++ ++++++++ ++++ ++++ ++++ ++++ _' _
Actually, when consideration is given to the time element in the
reaction in this series, the intensity of the flocculation in the several
tubes corresponds to the polygons above the base-line.
When all of the tubes were centrifuged, and the supernatant
fluids were passed through Chamberland filters and then tested for
hemolysin the results were as in the black polygons below the base-
line; that is, hemolysin remained in the first 4 tubes of the series,
although the amount diminished progressively. But in the super-
natants derived from those tubes showing the right-hand zone of
flocculation, in all instances the degree of initial dilution being
evaluated, no a-lysin could be demonstrated. The lightly shaded
polygons below the base-line indicate the potency of the untreated
toxin in these dilutions in effecting hemolysis.
One additional point should be mentioned, namely, that there is
some evidence to indicate that all antisera are not equally suited to
the demonstration of the two-zone flocculation, although with the
several sera here used evidences of such a double reaction have been
obtained.
The course of the development in the culture growth of the
agents responsible for each of the two flocculation zones has not been
wholly determined. With the samples removed very early in
growth but one flocculation zone is to be obtained, that which occurs
in the range of high concentration of the toxin. Later samples give
the second zone in the range of higher toxin dilution and here the
reactions become progressively stronger as the incubation period of
the culture is prolonged until an apparent maximum is reached,
after which some reduction in the potency of the flocculating antigen
becomes manifest. And, as the growth continues, there is a tendency
for the two zones to become less distinct, as the optimum point for
the high-concentration zone moves to the right and as the base of
the high-dilution zone seems to broaden. This change may be
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apparent only, for absorption tests which might resolve the question
have not been completed. A discussion of this and of several other
points is reserved until more adequate data are available.
Summary
The so-called Wood 46 strain of staphylococcus yields, when
cultivated in an infusion broth medium under conditions of shaking,
products which hemolyze rabbit erythrocytes readily and sheep cells
to some degree. These products are lethal on intraperitoneal injec-
tion into mice (and rabbits), and they give strong flocculation reac-
tions with appropriate antisera.
These antigenic components develop very early in the growth
of the organism and reach a high concentration quickly, after which
there is a tendency for the lethal agent, the lytic agent, and the
flocculating agent to diminish in either activity or amount present.
Flocculation tests made with such filtrates as antigens exhibit
initial reactions in two zones, which can be revealed to advantage by
continuous observation over the period of reaction; with prolonged
incubation the zones merge and lead to a type of flocculation curve
characteristic of an end-point titration. Reactions of this character
can only mean heterogeneity of the antigen-antibody systems under
test.
Complete flocculation in the high-dilution zone seems to deprive
the mixture of the agent known as a-lysin, but this hardly proves
that the flocculation is due solely to reaction of the a-lysin with an
independent specific antibody. Complete flocculation in the high-
concentration zone is without comparable influence on the a-lysin.
While some of the results of the tests for lethal effect, for floc-
culation, and for hemolytic behavior are suggestive of a degree of
relationship between the agencies responsible, they are in no way
adequate to prove identity. With more adequate information as to
the time of appearance and time of reduced potency, and as to the
effect of adsorptive procedures and of such other tests as thermosta-
bility, it may be possible more closely to relate the several
phenomena.
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